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ABSTRACT 

An ul t rav io le t  spectrophotometric method fo r  determining t o t a l  pyridines 

The pH of the  acid extract is  adjusted t o  
and t o t a l  quinolines i n  coal-tar d i s t i l l a t e s  i s  described. 
fron the sample with l@ sulfuric acid. 
12 by adding potassium hydroxide. 
solution with isooctane, and the  ul t raviolet  spectrum is obtained from the  iso- 

spectrum by using the  folloning,average absorpt ivi t ies  from 10 quinolines and 13 
pyridines: 15.95 fo r  quinolines a t  316.5 m y  and 23.24 and 21.25 for quinolines 
and pyridines a t  260 m p .  
be applied t o  similar materials, such a s  petroleum dis t i l l a tes .  

The bases a re  extracted 

The f r ee  bases are extracted from the  alkal ine . octane solution. The t o t a l  quinolines and t o t a l  pyridines are  determined from t he  - 

This method needs o i l y  a small amount of sample and can 
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Pyridine bases a s  derived from coal tar a r e  complex mixtures of pyridine, 
quinoline and the i r  homologs (5,7). 
chemical type, ( that  is, a s  pyridines and quhol ines) ,  it w a s  desired t o  develop 
an u l t rav io le t  spectrophotometric method t h a t  would apply t o  low tenperature cod-  
t a r  d i s t i l l z t e s  and crude tar bases. 

Previously LeRosen and Wiley (6) had attempted t o  determine pyridines i n  
petroleum pmducts by extracting the  sample with phosphoric acid whereir? the  pyri- 
dines were determined by ul t raviolet  spectrophotometry and expressed a s  pyriiiine 
by referring t o  a star-dard graph of pyridine itself. 
s b i l a r  process. , 

For the  analysis of these bases according t o  

Another paper ( 4 )  described a 

In  the  method described i n  t h i s  paper, pyridine and -1 derivatives a re  
estinoted as " to ta l  pyridines," not a5 pyridine i tself ,  as done by LeRosen and 
Wiley. Similarly, quinoline and i t s  alkyl derivatives are estimated a s  " total  
quinolines.Il 
lG% sulfur ic  acid and the acid layer is  adjusted t o  pH 12 by addin4 potassium 
hyZlroxide. 
cctane, 
spectrum of the  isooctane extract. 

Briefly, the procedure is  as follows: The sanple i s  extracted with 

The t a r  bases in  the  alkal ine solution a re  then extracted with iso- 
The t o t a l  pyridines a n d  t o t a l  quinolines a r e  determined by the composite 

The selected wave length f o r  calculating t o t a l  quinolines is 316.5 m p ,  
a t  which pyridines show no absorbance. The empirical absorptivity fo r  t o t a l  quino- 
l i nes  at t h i s  wave length i s  15.95, the average coefficient of 10 quinolines chosen 
for  t h i s  study. The wave length selected fo r  t o t a l  pyridines i s  260 m p ,  at wbich 
quinolines show considerable absorbance. 
t he i r  concentration, a s  determined by the  absorbance a t  316.5 m 
applied t o  t o t a l  absorbance from which pyridines may be calculac& The empirical 
absorptivity for  t o t a l  quinolines a t  260 m y  i s  taken a s  23.24, the, average of 10 
quinolines; that  for  t o t a l  pyridines is  taken a s  21.25, the  average/-coefficient of 
13 pyridines. 

APPARATUS 

Their absorbance can he calculated from 
and a correction 

Beclanan DK-2 Spectrophotometer with hydrogen discharge lamp. 
IWcched pa i r  1-cm. s i l i c a  cel ls .  
Separatory funnels. 
Pipettes and volumetric flasks. 

CHEMICAIS  

pyridine bases: 
Pyridine, Fisher certii'ied reagent. 
2-Kethylpyridine, C. P. Eimer and Amend. 



3-Nethylwidine, 9@, Eastmn Kodak Co., yellow label.  
l-Methylpyridine, Eastman Kodak Co., white label.  
2,3-Dimethylpyridine, Matheson, Coleman and Bell. 
2,4-Dimethylpyridine, 95$, Eastmvl Kodak Co., yellow label. 
2,6-Dimethylpyridine, 9@, Eastman Kodak Co., yellow label. 
3,5-Dimethylpyridine, pure grade, Aldrich Chemical Go. 
2-Ethylwidine,  95% purity m i n i m a ,  Reil ly T a r  & Chemical C O T .  
4-Ethylwridine, 95% purity minimum, R e g l y  Tar & Chemic& COT. 
5-Ethyl-2-1cethylpyridine, Fastman Kodak Go., white label.  
3-Ethyl-4-n?ethylpyridine, pure grade, Aldrich Chemical CO. 
2,4,&Trimethylpyridine, Eastman Kodak Co., white label.  
Quinoline, synthetic, Eastman Kodak CO., white label. 
2-Kethylquinoline, Quinaldine 95$, Eastman Kodak Co., yellow label. 
4-&!ethylquinoline, Lepidine, Eastma Kodak Co., yellow label. 
6-Hethy1quinoline, Eastman Kodak Co. white label. 
7-Methylquinoline, pure grade, Aldrich Chemical Co. 
8-&thylquinoline, Eastman Kodak Co., white label. 
2,4-Dimethylquinoline, pure grade, Aldrich Chemical Co. 
2,6-DimethylquinoleY Eastman Kodak Co., white label.  
Isoquinoline, Eastman Kodak Co., white label. 
3-~~ethylisoquinolFne, Eastman Kodak Co., yellow label.- 
Acridine, pure grade, Aldrich Chemical Co. 
Sulfuric acid, lo%, analytical  reagent. 
Sodium hydroxide, lo;%, analytical  reagent. 
Potassium hydroxide pellets,  analyt ical  reagent. 
Isooctane (2,2,4-trimethylpentane), spectro-grade. 

lcmEmmTAL 

bocedure for Synthetic M3xture.s. The u l t rav io le t  spectra of the  23 bases 
used for  t h i s  study were determined individually i n  isooctane. 
w e l l  with those i n  the  l i t e ra ture  (1,s). 
averages at 260 m/" and 316.5 m p  were then calculated and are  presented in Table I. 

The spectra agreed 
The absorpt5vities of  the bases and t h e i r  

Stocks of synthetic mixtures containing bases l i s t e d  i n  Table I1 were 
prepared in 1 6  sulfur ic  acid solution. 
times those shown i n  t h e  table. 

Their concentrations were exactly three 

The stocks t o  which neutral o i l  was added were washed three times with 
isooctane, which was discarded. The volume of isooctane used each time equaled 
tha t  of the  stock. 
ing KOH pellets.  
of isooctane. 
ml. extract was determined. 
dines were determined by the  absorbances and average absorpt ivi t ies  at 316.5 m , w  
and 260 m p  respectively. 

t h e  "present" concentrations were one-third of t h e i r  stocks and the fcfound" were 
t h e  concentrations of the 30-nil. isooctane extract  of t h e  corresponding mjxtures. 
For example, synthetic mixture number 1 i n  Tables I1 and I11 has a t o t a l  pyridine 
concentration of 0.0202 g/l. t o  correspond t o  the  di lut ion of the o r i g i n d  stock 
from 10 t o  30 ml.  

For samples con- 
taining 1-2% base by weight, 10 ml. of d i s t i l l a t e  was weighed i n  a separatory funnel 
and extracted three times with lC$ sulfuric acid, 20 ml. t h e  f irst  time and 10 ml. 
each the second and t h e  th i rd  times. 
vol-etric flask. 
with 10 ml. of lC$ sodium hydroxide each time. 

Ten nil. of the acid layer  was adjusted t o  pH 12 by slowly add- 
The a l k d i n e  solution was  then extracted three times with 10 ml. 

The extracts were conibined, and t h e  ul t raviolet  spectrum of t h e  3G 
The concentrations of t o t a l  quinolines and t o t a l  pyri- 

Table I11 shows the  recovery of bases by t h i s  method. In  t h i s  table,  

The concentration found, as shown in Table 111, Y ~ S  0.0201 g/l. . 

Procedure for Tar-Base Samples. (a) For tar d i s t i l l a t e :  

The acid layers  were collected i n  a 1CO-d. 
The o i l  residue remaining in  the  funnel was extracted three t ines  

T h i s  extraction remOves any t a r  acid: 
! 



Table I 

Akorpt tv i t ies  of m i d i n e  Bases 

?yridine Bases 
Pyridine 
2-Xethylpyridine 
3-bfethylpyridine 
4-#et hylpyridine 
2,3-Db.ethylpyridine 
2,lpDimethylpyridine 
2,6-Dix.e thylpyrid-he 
3,5-Dinethylpyridine 
2-Ethy1pyridb.e 
4-Ethylpyridine- -' 
5 -Et hyl-2-met hylpyr idine 
3-Ethyl-4-methylpgridine 
2,4,6-Trimethylpyridine 

Average 

Quindine Bases 
Quinoline 
2-Nethyiquinoline 
4-l4eth;rlquinoline 
&Net hylquinoline 
7-14et hylquinoline 
8-Net hyiquinoline 
2,k-Dimethylquinoline 
2,6-Dimethylquinoline 
Isoquinoline 
3-Piethyl-isoquinoline 

Average 

Wave Len&h 
260 m+ 316.5 

17.44 
25.43 
23 47 
l4.22 
26.86 
22.41 
26.74 
22.87 
24.47 
13.07 
20.99 
18.87 
20.33 
21.25 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- 

24.23 9.84 
23-90 24.71 
27.69 8.97 
17.79 12.39 
19.16 18.95 
12.56 
24.24 
21.25 
28.67 
27. G3 
23.24 

12.87 
17.25 
13.56 
27.27 
13.69 
15.95 

Table I11 

Recovery of Total k i d i n e s  znd Quinolines from Synthetic 
1"ixtures bv U s k  Averaee AbsomtivitFesd 

Total Total Total Total 
Fyridines Pyridines Recovery, Quiqolines Quinolines 
Present, g / i .  Found, a h .  Percent Present. ,I&. Found, g / l .  

0.0202 0.0202 99.3 0.0155 0.0155 
0.0282 0.0281. 99.7 O.OOq3 0.0091 
0. CQ81 0. om0 99.8 0. om 0.0245 
0.0181 0.0181 100.0 0.0171 0.0166 
0.0179 0.0173 96.2 0.0184 0.0201 

0. C2C6 0.0179 0.0192 107.0 0.0184 
0.01875 0.0193 103.0 0.01238 0, o u 6  
0.01875 0.0206 109.8 0.01238 O . O l l 7  
0.01875 0.02a 111.0 0.01238 0.0117 
G. 01875 0.0199 106.0 0.01238 O.Ol l9  
0.02203 0.01905 87.0 '0.01354 0.0135 
0.02203 0.01868 85.0 0.01354 0.0135 

Recovery, 
Percent 

10.0 
97.8 
98.7 
97.3 

109.0 . 
112.0 

93.7 
94.5 
94.5 
96.1 
99.0 
99.0 

A t  316.5 n i p ,  a for  quinolines = 15.95; at 260 m,p,  a for quinolines = 23.24; a t  
260 m p ,  a f o r  pyridines = 21.25. 
These mixtures contained 0.03 g/l. neutral  oil obtained from low temperature t a r .  
the i r  acid solutions (pH = 2) were extracted with isooctzne t o  remove t h e  neutral  
O i l .  'a > 
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t h a t  ZLTJ rr&e complete extracticn of t a r  bases difficfi t ,  
discmsded, end t h o  o i l  k y e r  was then extracted agaiii th ree  t2~1-s  with lG$ s&*uriC 
acid as before. 
zcd the  f in21 vcluim of the  acid solution vas diluted to PCO d. wi'ch I($ s u l k r i C  
acid, 

The alkaline layer was 

These acid extracts were added t o  t h e  1CO-xfL. volumetric f lask,  

(b) For crude tar base: 
dissolved i n  10s @uric acid i n  a 5&mL volumetric flask.  
diluted t o  t h e  mark with'l@ sulfur ic  acid. 

About 0.1 gram of crude tar base was weighed and 
The solution was 

Twenty-fi-re EL of ei ther  of the  above acid solutions vms washed three 
t -hes  with ismctane. The volme of isooctane used each time equaled tha t  of t h e  
acid solution. After washing, the  volune of the  acid solution was adjusted t o  25 
ELL. with water i f  necessary. 
beaker t h a t  contained a few m i l l i l i t e r s  of v:ater and placed i n  an ice-water bath. 
Potassium hydroxide $ellets uere added t o  t h e  acid solution with constant s t i r r i n g  
u n t i l  the  pH of the solution reached 12. 
t o  a 2 5 4 .  volumetric f lask  and was diluted t o  the mark with d i s t i l l e d  water. Five 
a. of t h e  alkaline solution was extracted three  times d t h  10 ml. of isooctane each 
t ine.  

Two ml. of t h  acid solution was pipetted in to  a smdl  

The solution was transferred quantitatively 

The isooctane extracts were combined, and an uit raviolet  spectrum was deter- 
v d .  '/ 

Calculation of T a r  Bases i n  Sample. 
Average absorptivity for  quinolhes  a t  316.5 ntv = 15.95 
Average absorptivity f o r  quinolines a t  260 m p  = 23.24 
Average absorptivity f o r  pyridines a t  260 m p  = 21.25 

Q = * x F1 x F2 
15 95 

x F1 x F2 
*260 - (* x 21.24) 

P =  
21.25 

vtnere Q = t o t a l  quinolines i n  grams, 
P = t o t a l  pyridines i n  grams, 
A316.5 = absorbance at 316.5 mp, 
A260 = absorbance a t  260 mw, 
F 1  = dilut ion factor for  f i n a l  isooctane extract, if any, 
F2 = dilut ion factor f o r  the  saqde.  

. 

In  t h e  procedure described above, there  i s  no fur ther  dilution f o r  the  
f i n a l  isooctane extract. Therefore, F equals 1. F2 i s  ua l  t o  (30/1000 x 25/5 
x 100/2) = 7.5 f o r  the d i s t i l l a t e  and bo/lOCO x 25/5 x 5 7 2 )  = 3.75 f o r  t h e  crude 
tar base. 

If t h e  tar-base content in the sanple i s  too high, fur ther  di lut ion of 
the final isooctane extract i s  necessary t o  obtain a satisfactory spectrum with 
absorbances a t  316.5 and 260 m p w l t h i n  a range of 0.1 - 0.9. 
Fl, therefore, has t o  be found'by the  actual  di lut ion made. 

truii of the  f ina l  30 ml .  of isooctane extract  i s  unsatisfactory, e i ther  of the  fol- 
, lo:.ring tim procedures can be used: 
. f o r  final isooctane extraction from 5 to 10 ml. In  t h i s  case, F1 i s  st i l l  1, and 
F2 i s  changed t o  3.75 instead of 7.5; (b) increase the  volume oi isooctane - o rashed 

The dilution factor  

,:: If t h e  tar-base content i n  the  sample i s  so low tha t  the  composite spec- 

(a) Increase the  volume of alkaline solution 



acid extract frcffi 2 ziLs t o  any desired volume up t o  20 12. 
t ion  factor  F2 has t o  be changed t o  a v a h e  depending on t h e  actual  volume of t h e  
acid s o l u t i m  used. 

h t h i s  case, the d i h -  

From the weight of t o t a l  pyridines, t o t a l  quinolines, and weight or  
volume of the  sample used, the  percentage of t o t a l  pyridines and t o t a l  quinolines 
can be calculated. 

DISCUSSION 

Selection of 'Wave Lenpths and Absont iv i t ies  f o r  Calculating Total mi- 
The pyridine bases of tar d i s t i l l a t e s  contain a great dines and Total Quinolines. 

number of pyridine and quinoline derivatives, and t h e  exact composition varics with 
the type of t a r  and manner of d i s t i l l a t ion .  To represent a l l  possible conpositions 
an unlimited number of synthetic mixtures wmld be required. For t h i s  study, t h e  
best  one can do is  t o  make a synthetic mixture containing t h e  main bases found i n  
tar d i s t i l l a t e s  (5,7) as representatives. 
have been selected. 
l ines ,  such a s  tetranethylpyridines and trimethylquinolines, were not included i n  
t h i s  work because of t h e i r  unavailabil i ty in t h i s  laboratory when t h i s  work was 
done. It is expected that these bases w i l l  not appreciably change the  pattern of 
the composite spectrum and a l so  tha t  t h e i r  absorpt ivi t ies  will not be f a r  f r o m  the 
average values of the  23 bases. 

Thirteen pyridines and ten quinolines 
However, several other important alkyl pyridines and quino- 

Table I1 shows the compositions of the  synthetic mlxtures. The spectra 
of six typical  synthetic mixtures, as shown in Figures 1 t o  4, follow a general 1 

pattern tha t  also a p l i e s  t o  the  spectra of pyridine bases extracted from two tar 
d i s t i l l a t e s  (Fig. 57. 

To select  suitable wave len  f o r  calculating t o t a l  pyridines and t o t a l  
quinolines, several key wave lengths 260 265, and 270 mpfor  pyridines and 
3a.5, 3CB, 313, 316.5, and 318 f o r  quinolines) were t r ied.  
the  bases i n  the  above synthetic mixtures have been found a t  wave lengths of 260 r n p  
and 316.5 m p ,  respectively, f o r  pyr idhes  and quinolines. 
wave lengths is  shown in Table 111. 
all of the  available pyridines and quinolines, recoveries were x i th in  O.z, or 
better,  f o r  t o t a l  pyridines, and 2.7%, or  bet ter ,  f o r  t o t a l  quinolines. 
the  recovery and t h e  assumption t h a t  t h e  reference mixture of equal amounts of indi- 
vidual bases be t te r  represents the  tar bases in t h e  samples than other mixtures 

.-would, the  following average absorpt ivi t ies  were chosen f o r  calculating the  t o t a l  
pyridines and the t o t a l  quinolines i n  t a r  d i s t i l l a t e s :  21.25 for t o t a l  pyridines 

' and 23.24 f o r  t o t a l  quinolines a t  wave length 260 mp, and 15.95 f o r  t o t a l  quino- 
l i n e s  at wave length 316.5 mp. 

Best recoveries f o r  

The recovery a t  these 
For t h e  first four mixtures, which contained 

Based on 

As the  average absorptivity is  based on t h e  presence of many bases, the 

For example, if only 4-etliylpyridine with an absorptivity of 13.07 is  
chances of i t s  fa i l ing  t o  be applicable will increase a s  t h e  number of bases 

~ decreases. 
present, the  error incurred by using t h e  average value of 21.25 will be the  
greatest. 
number of quinolines i n  the sample decreases. However, c o d - t a r  bases are complex 
mixtures, and t h i s  si tuation v r i l l  be unlikely t o  happen; also, in most instances 
t h e  t rue  absorptivit ies of the  base mixtures a r e  expected t o  fall i n  t h e  neighbor- 
hood of the  average values. 

Likewise, the  error i n  the quinoline determination increases as  the  

O f  the  two types of bases, it i s  noted t h a t  the  recovery f o r  quinolinos 
i s  be t te r  than tha t  f o r  pyridines. This i s  due t o  the  f a c t  tha t  pyridines do not 
interfere  with quinolines a t  316.5 mp, while quinolines in te r fe re  with pyridines 
a t  260 my. /.I 
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Figure 3. Spectra of synthetic mixtures 5 and 7. 

Figure 4. Spectra of synthetic mixture 11 and & w e  
containing acridine. 
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To obtain a good composite spectrum, the  best  concentration of the  bases 
in isooctane i s  0.03 - 0.04 gram per l i t e r .  
sa t i s fac tor i ly  appliac: t o  a fir;3. isooctane extract containing a t o t a l  bas- con- 
ten t  a s  low as 0.015 gram per l i t e r ,  if t he  quinoline content rouguy quals triat 
of t he  pyridines. 

However, t h i s  method can zlso be 

Interference. 
mount or" qcid-soluble 
f o r  ul t raviolet  enerm 

, In extractin! thc  bases from t h e  d i s t i l l a t e ,  a s m a l l  
phenols and hydrocarbons tha t  a lso possess an absorption 
a t  250 t o  260 m p i s  carried over t o  the  acid solution and 

e.rentual.3y w i l l .  in te r fe re  w i t h  t h e  determhztion of t he  bases. 
interference can be overcome by washing the  acid extract  with isooctane and by hold- 
h g  all phenols in the  alkaline solution during the final- extraction of the  bases ' 

with isooctsne. Synthetic mixtures 6 ,  8, 10, and 12, which were c o n m a t e d  pur- 
posely with hydrocarbons from tar d i s t i l l a t e ,  demonstrate t h e  f a i r l y  good removal 
of the  hydrocarbons by t reat ing the  acid extract  with isooctane. 

However, this 

Although the  tar bases in d i s t i l l a t e s  consist  mamy of pyridines and 

However, pyrroles and indoles a re  very weak 
quinolines, they a l so  may contain some other nitrogenous compounds, such a s  pyr- 
roles, indoles and ani l ines  (5,7). 
bases. Their pKb values a re  so close t o  l.4 that they a r e  not extractable with 
d i lu te  mineral acids. Anilines a re  basic in property and a re  extractable with 
d i lu te  mineral acids. Some of t he  aniline derivatives, such a s  toluidines, have 
been identified in tar bases. 
shown tha t  t h e  highest absorbance appears from 235 - 250 m y  while t he  lowest i s  
from 260 - 270 mw. Fortunately, t h e i r  presence usually is  i n  a sm3s1 percentage 
i n  colnparison with pyridine bases (7). In  this aethod, t he  interference of this 
small. amount of anXUnes can be assumed t o  be negligible insofar as the  conposite 
spectrum of the  tar bases follows the  general pattern of t h e  synthetic mixtures. 
On the  other h a d ,  i f  t he  composite spectrum shows an unusual pattern with a peak 
at  2f+O t o  250 rep, it might indicate that t h e  tar base might contain a ra ther  
hkhe r  amount of ani l ines  than usual. 
lines is included as pyridines a t  260 m p ,  although t h e  interference i s  not con- 
sidered t o  be appreciable. 

By examining t h e i r  u l t rav io le t  spectra (1,3), it was 

Should t h i s  happen, the small amount of ani- 

The two composite spectra (Fig. 5)  of two tar d i s t i l l a t e s  (Table IV) fol-  
lowed the  general pat tern of those of the  synthetic mixtures. 
t i l l a t e s  was obtained from a low temperature Wyoming l i g n i t e  tar and the other from 
a low temperature bituminous coal tar. 
nous coal tar shows a d l  additional peak at 252 m+. 
unusually high amount of ani l ine derivatives or  an unusually high percentage of a 
certain alkyl pyridine. 
para t ivdy  larger  amount than other pyridines would give a smal l  individual peak a t  
around 250 m p .  
bases, and small amounts of benzene and tar acids, was recovered as a by-product in  
the  liquid-liquid countercurrent extractTon of tar acids from the bituminous coal 
tar  d i s t i l l a t e  using aqueous methanol (8). This crude tar base upon analysis was 
found t o  contain 70 weight-percent of t o t a l  pyridines and 30 weight-percent of 
t o t a l  quinolines. The proportion of t o t a l  pyridines t o  to t a l  qu inolhes  i s  qui te  
similar t o  tha t  f o r  t he  base obtained direct ly  from the  d i s t i l l a t e .  - 

One of these dis- 

The spectrum of t a r  bases from t h e  bitumi- 
This might be due t o  an 

For example, 3-ethyl-4-methylpyridine present in a cor+ 

A crude tar base, consisting of a mixture of neutral  oil, tar 

Analysis of Dis t i l l a tes  Containing Acridine. High-boiling t a r  d i s t i l l a t e s  
may contain some acridines. 
measured by a similar procedure. Its u l t rav io le t  spectrcm shows a significaqt peak 
a t  339 mywhich is  suitable fo r  i ts  quantitative analysis and also shows an unusuall 
high absorbance a t  around 250 m/" which can be usod as a confirmation for t h i s  com- 

Acridine, qual i ta t ively and quantitatively,  can be 

pound e 



A s w t h e t i c  niwctwe, which contained six pyridines, three quinolhes  and 
acridine vas anal-gzed in the  sm-e manner as t h e  other synthetic a w e s .  
posit,e spectrun of the  mkcture and the  recovery of t h e  bases b3 t h i s  method are  
shoim jn Figure 4 and Table V. 
Z t  316.5 m p ,  13.9, and at 260 rip., 17.2 

The can- 

The absorptivity f o r  acric5ne at 339 m y  i s  42.2, 

Table IV 

Determhation of T o t d  Pyridines and Total 
Quinolines i n  Tar Dis t i l l a tes  

D i s t i l l a t e  
L i g n i t e  Bituminous 

T a r  Coal Tar 

Dis t i l l a t ion  Endpoint, OC. 125.0 125.0 
Pressure, mm. Hg 0.1 0.1 
Volume of Sample Used, ml.  10.0 10.0 
Weight of t h e  Sample, g. 9.35 9.55 
Total Pyridines Found, g.  0.103 0.104 
Total Quinolines Found, g. 0.012 0. OS 
Total Base, g. O.ll.5 0.154 
Total Pyridines in Base, wt. % 89.5 67-5 
Total Quinolines i n  Base, vrt. $ 10.5 32.5 

Total e r i d i n e s  in Sample, wt. $ 1.1 1.1 
Total Base i n  Sample; id. % 1.23 1.62 

Total Quinolines i n  Sample, wt. % 0.13 0.52 

Table V 

Recovery of Bases from a Synthetic Mixture 
Containiw Acridine 

Present Found, Recovery, - Eases K r a m / l i t  &- Kran/lit e r  percent 

Total Pyridines 0.0184 0.020 109.0 
Total Quinolines 0.00989 0.0081 82.0 
Acridine 0.0017 0.00175 103.0 

Other Applicatidns. This method can a l so  be applied t o  tar refinery 
streams, such a s  the  extract  and raff inate ,  from tha  countercurrent liquid-liquid 
extraction of t a r  d i s t i l l a t e s  with aqueous methanol and hexane (8 ) .  The bases in 
t h e  hexme phase can be analyzed by t h i s  procedure direct ly ,  and t h e  bases i n  the 
met,hnol phase can be purified by d i s t i l l a t i o n  and extraction as described else- 

,'- where (2). i 

Pyridine bases present i n  samples from petroleum refining can also be 
determined by t h i s  method. 

COMCLUSION 

An ul t raviolet  spectrophotometric method developed t o  determine t o t a l  
pyridines and t o t a l  quinolines i n  t h e i r  mixtures has been shorn t o  give satisfactory 
analysis of these two types of bases i n  coal-tar d i s t i l l a t e s .  
work equally well f o r  t h e  bases in similar materials. 

This method should 
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